NIT-324 
NT0558US 



Title of the Invention 
OSCILLATOR, TRANSMITTER /RECEIVER MODULE AND RADAR SYSTEM 



Inventors 



Toshiyuki NAGASAKI! 
Naoyuki KURITA 
Hiroshi KONDOH 



SPECIFICATION 



OSCILLATOR, TRANSMITTER/RECEIVER MODULE AND RADAR 

SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an oscillator with 
a dielectric resonator and a transmitter/receiver module, 
which is especially useful for application to the 
transmitter/receiver module that uses this oscillator as 
the local signal generator thereof. 

Traditionally, a dielectric resonator using a 
dielectric block with a high dielectric constant has 
frequently been employed as the resonator for the 
oscillator that operates in the high-frequency band such as 
the microwave or the millimeter wave. Such examples can be 
observed in the IEEE MTT-S 1995 International Microwave 
Symposium Digest, pp. 71-74, for example.. 

Fig. 5 illustrates an example of an oscillator using 
a dielectric resonator. A dielectric block 13 is placed 
close to a microstrip line 16 to couple the microstrip line 
16 with dielectric block 13, which forms a resonator. As 
the dielectric block, other than the cylindrical type as 
illustrated in Fig. 5, a cubic type dielectric block is 
often used. As to an active device 15 that produces a 



negative resistance, a bipolar transistor is used other 
than the FET illustrated in the figure. The parameters of 
a feedback loop circuit 17 and a matching circuit 18 and 
the like are determined in such a manner that the active 
device 15 assumes the negative resistance at a desired 
oscillation frequency. There are various types of the 
feedback loop circuit, other than the one illustrated in 
Fig. 5. 

The dimension of the dielectric block 13 is usually 
determined in such a manner that a resonance frequency of 
the lowest order mode of the dielectric resonator coincides 
with a desired oscillation frequency, and the resonance 
frequencies of the higher order modes other than the lowest 
order are separated as far as possible from the desired 
oscillation frequency. In the case of using a cylindrical 
dielectric block, for example, the lowest order mode is 
TE01 S mode, and the radius R and the thickness t of the 
bottom of the dielectric block is determined to meet the 
relation: 0.2 <C t/ (2R) <C 0.4, so that the resonance 
frequencies of the higher order modes are sufficiently 
separated from the frequency of the lowest order mode. 

Now, in order to realize an oscillator with a low 
phase noise, the Q factor of the resonator thereof should 
be as high as possible. The Q factor of the dielectric 
resonator lowers depending on the dielectric loss and the 



conductor loss, etc. In a super high-frequency band as the 
millimeter wave, the device characteristics is often 
insufficient in the operation frequency; and it is 
necessary to intensify the coupling of the dielectric block 
with the microstrip line and lighten the load. Here, the 
dielectric block is needed to sufficiently approach to the 
microstrip line, and since the conductor lies within point- 
blank range to the dielectric block, there is a possibility 
that the conductor loss increases and the Q factor 
decreases . 

Also, as the resonance frequency increases, the 
dimension of the dielectric block decreases, accordingly 
the dimension in a super high-frequency band as the 
millimeter wave becomes extremely small.. Therefore,, the 
processing of the dielectric block becomes difficult, which 
results in an increase in the unit cost of the dielectric 
block. Further, the handling thereof becomes difficult, 
which increases the assembling cost of the oscillator. 

To avoid such problems, there is used a method of 
attaining a desired frequency signal by oscillating the 
resonator at 1/n the frequency such as 1/2 or 1/4 the 
primarily necessary frequency and multiplying the frequency 
of the signal by n times by using a multiplier. This 
method will avert the foregoing problems, because the 
oscillator oscillates at 1/n the frequency. However, that 



the operational frequency of the oscillator is 1/n the 
primarily necessary frequency involves enlargement of the 
size of the matching circuit and the like, which increases 
the chip size and requires a new multiplier, thus leading 
to cost increases due to increase of the number of chips, 
etc., which is disadvantageous. 

As described above, the traditional system is 
difficult to acquire a sufficiently high Q factor in the 
dielectric resonator with which an oscillator for a super 
high-frequency band as the millimeter wave is configured, 
and the phase noise of the oscillator is not sufficiently 
suppressed, which are the problems to be solved. Further, 
the size shrinkage of the dielectric block accompanies 
difficulty of the processing, which increases the unit cost 
of the dielectric block. It also involves difficulty of 
the handling to increase the assembling cost of the 
oscillator, which are the disadvantages. Further, in the 
case of using a multiplier, the enlargement of the chip 
size and the increase of the number of chips result in, cost 
increases. 

It is therefore an object of the invention to solve 
the aforementioned problems, to restrain cost increases, 
and to achieve an oscillator of a low phase noise. 

Another object of the invention is to solve the 
aforementioned problems and to configure a low cost/high 



performance transmitter/receiver module, by using an 
oscillator of a low phase noise achieved while lowering 
cost increases as a local signal generator for a 
transmitter/receiver unit. 

Another object of the invention is to solve the 
aforementioned problems and to realize at a low cost a high 
performance radar system that restricts deterioration of 
radar performance due to phase noise, by using an 
oscillator of low phase noise achieved while lowering cost 
increases as a local signal generator for a radar system. 

SUMMARY OF THE INVENTION 

In view of the aforementioned problems, according to 
one aspect of the invention, the dimension of the 
dielectric block and so forth are set in such a manner that 
the resonance frequency of the lowest order mode of a 
dielectric resonator is lower than a desired oscillation 
frequency, and the resonance frequency of one of the higher 
order modes is coincident with the desired oscillation 
frequency. Now, there are the resonance frequencies of the 
lowest order mode and the unused higher order modes, except 
for the resonance frequency of the used order mode. 
Therefore, the negative resistance is sufficiently lowered 
at the resonance frequencies of the unused order modes so 
as not to generate unintentional spurious oscillations at 
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these frequencies, so that the active device can produce 
the negative resistance only within a narrow band close to 
the desired oscillation frequency. To achieve this small 
negative resistance, a measure is used which adjusts the 
parameters of a feedback loop circuit and a matching 
circuit, or inserts a filter circuit between the active 
device and the resonator or the like. It is also necessary 
to prevent the spurious oscillations at the resonance 
frequencies of the lowest order mode and the unused higher 
order modes, by adjusting the phase to make a phase 
condition under which an oscillation is not created. 

As mentioned above, it is possible to expand the 
dimension of the dielectric block in comparison to the 
conventional example that uses the resonance frequency of 
the lowest order mode, by applying the resonance frequency 
of the higher order mode of the resonator to the 
oscillation frequency of the system. Accordingly, when the 
dielectric block is disposed very close to the microstrip 
line, it becomes possible to increase the ratio of the 
volume of the dielectric block to the area of the line 
conductor located adjacently to the dielectric block, and 
to reduce the conductor loss in comparison to the example 
that uses the lowest order mode. Therefore, the Q factor 
of the resonator can be raised, whereby the oscillator of a 
low phase noise can be configured. 



Further, employing an oscillator using the higher 
order mode as a local signal generator will accomplish a 
high performance transmitter-receiver module at a low cost. 

Moreover, employing the oscillator of a low phase 
noise that uses the higher order mode as the local signal 
generator of a radar system will restrain the radar 
performance from lowering by the phase noise, whereby a 
high performance radar system can be made at a low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of an embodiment using 
separate substrates according to the present invention; 

Fig. 2 is an equivalent circuit diagram of an 
embodiment using separate substrates according to the 
invention; 

Fig. 3 is an equivalent circuit diagram of an 
embodiment using a filter circuit according to the 
invention ; 

Fig. 4 is an equivalent circuit diagram of an 
embodiment of a voltage-controlled oscillator using a 
varactor diode according to the invention; 

Fig. 5 is a diagram illustrating an example of a 
conventional oscillator using a dielectric resonator; 

Fig. 6 is a diagram illustrating an embodiment of a 
reflection property when the dielectric resonator is 
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coupled with the microstrip line; 

Fig. 7 is a perspective view of another embodiment 
of the invention that uses one substrate; 

Fig. 8 is a plan view of a radar system that uses 
the oscillator of the invention as the local signal 
generator; 

Fig. 9 is a block diagram of the radar system; 

Fig. 10 is a sectional view illustrating an example 
of a transmitter-receiver module having the antennas on the 
rear side ; 

Fig. 11 is a plan view illustrating an example of a 
transmitter-receiver antenna; and 

Fig. 12 is a plan view illustrating an example in 
which the signal generator and the antenna are disposed on 
a plane. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to a typical embodiment of the invention, 
an oscillator includes at least an active device, a 
microstrip line formed on a dielectric substrate, and a 
dielectric block disposed so as to couple with the 
microstrip line, in which the microstrip line and the 
dielectric block configure a resonator, the active device 
is connected to the resonator, the active device assumes a 
negative resistance at a desired oscillation frequency, and 



the dimensions of the dielectric block and so forth are set 
in such a manner that a resonance frequency of the lowest 
order mode is lower than the desired oscillation frequency, 
and the resonance frequency of one of the higher order 
modes coincides with the desired oscillation frequency, 
whereby the oscillator oscillates with one of the higher 
order modes that the resonator produces. 

Here, the degree of coincidence that the one 
resonance frequency of the higher order modes is coincident 
with the desired oscillation frequency depends upon the Q 
factor of the resonator, and as the Q factor is high, the 
degree of discrepancy becomes small. Needless to say that 
smaller discrepancy is preferable/but there can be as 
large discrepancy as some MHz to some ten MHz . The 
setting of the degree of coincidence may be carried out in 
accordance with the requirements of the characteristics of 
the concerned system. However in any event, this invention 
intends to set such that the resonance frequency band of 
one of the higher order modes covers the desired 
oscillation frequency. 

As a concrete mode of the invention, the active 
device and the resonator can take on different substrates 
each other, or the same substrate on which both are mounted 
In general, the oscillator for the millimeter wave band 
employs semiconductor devices by the III-V group compound 
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semiconductor materials. In particular, the GaAs system 
device is typical. Accordingly, a GaAs substrate is a 
typical example as the substrate for the device. The 
dielectric block itself can employ a general material 
without difficulty. A typical example is a ferroelectric 
Ba (Mg, Ta) 0 3 , and so forth. As the substrate for mounting 
the dielectric block and the microstrip line, GaAs, alumina 
(A1 2 0 3 ) , or synthetic resin, for example, Teflon can be 
y* listed. Naturally, on the same substrate can be mounted 

O the materials of both, as already mentioned. 

N 

Id Further, the oscillator is provided, between the 

ru 

m active device and the resonator, with a variable reactance 

rU 

3 device and a control terminal for supplying a control 
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fU voltage to this variable reactance device, whereby the 

■hi control of the oscillation frequency becomes possible by 

□ 

rU applying the control voltage to the control terminal, which 

is extremely useful. 

The oscillator of this invention is effective for 
use in a microwave oscillator and a millimeter wave 
oscillator; for example, it is useful for a radar module, 
for example, a front-end module for a movable body and so 
forth. 

Preferred embodiments of the invention will now be 
described. 

Fig. 1 is a perspective view of an embodiment in 



which a 77 GHz band oscillator is configured. Fig. 2 is an 
equivalent circuit diagram of this oscillator. 

This embodiment shows a case in which a resonator 
and an active device are mounted on separate substrates of 
different bodies. An active device 6 that produces a 
negative resistance as well as an active device 5 that 
forms a buffer amplifier is integrated on a GaAs substrate 
4 as an MMIC (Monolithic Microwave Integrated Circuit) . In 
addition, the resonator includes a microstrip line 3 formed 
on an alumina substrate 2 and a cylindrical dielectric 
block 1 disposed on the microstrip line 3, which are 
coupled with each other. The MMIC is connected to, for 
example, the microstrip line 3 on the alumina substrate 2 
through a bonding wire 9, whereby the oscillator is made up. 

The dielectric block 1 uses a higher order mode of 
the resonator that appears near 77 GHz, of which resonance 
frequency of the lowest order mode TE01 S is located at 
about 38 GHz. In this case, the parameters of a feedback 
loop circuit 7 and a matching circuit 8 are adjusted so as 
not to generate unintentional spurious oscillations at the 
resonance frequencies of the lowest order mode and the 
unused higher order modes, in a manner that the active 
device 6 assumes negative resistance only within a narrow 
band close to the 77 GHz band. 

Fig. 6 illustrates a reflection property when the 



dielectric block is coupled with the microstrip line formed 
on the GaAs substrate. The horizontal axis represents the 
frequency from 70 GHz to 85 GHz. The vertical axis 
represents the reflection by dB . Fig. 6A shows a case in 
which the resonator is made to resonate at the resonance 
frequency of the lowest order mode (TE 0 i$) . On the other 
hand, Fig. 6B shows a case in which the resonator is made 
to use a higher order mode except for the lowest order mode 
In this example, the resonance frequency of the lowest 
order mode is about 38 GHz , and the resonator is made to 
use the resonance frequency of the higher order mode that 
appears at 76 GHz. These reflection properties show that 
as the peak of the curve is sharper, the Q factor of the 
resonance is higher. Moreover, as the Q factor is higher, 
it becomes easier to realize a resonator of a still lower 
phase noise. Further, as the peak of the curve is closer 
to 0 dB, the coupling is stronger. In consideration of Fig 
6A and Fig. 6B, it will be understood that realizing the 
resonance frequency 76 GHz by the higher order mode 
facilitates to attain a sharper peak of the characteristic 
curve near this frequency and a higher Q factor. 

Thus, according to this embodiment, by using a 
dielectric resonator that utilizes the higher order mode as 
a resonator for a millimeter wave band oscillator, it 
becomes possible to reduce the conductor loss, and to 
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enhance the Q factor of the resonator. Therefore, it 
becomes possible to configure a resonator with low phase 
noise . 

Further, in this embodiment, the setting is made 
such that the negative resistance is produced only in a 
necessary band by adjusting the parameters of the feedback 
loop circuit 7 and the matching circuit 8; naturally, other 
embodiments can be adopted. Fig. 3 is an equivalent 
circuit diagram illustrating such an embodiment. As shown 
in Fig. 3, even if the active device produces the negative 
resistance in a comparably wide band, a filter circuit 10 
inserted between the resonator and the active device 
restricts the band in which the negative resistance appears 
which also achieves the same effect. The other components 
in this example are equal to those in Fig. 2. 

In the embodiment shown in Fig. 4, a varactor diode 
11 is connected between the resonator and the active device 
whereby a 77 GHz band voltage controlled oscillator is 
configured. The varactor diode 11 is integrated together 
with the other devices as the MMIC on the GaAs substrate 4; 
and applying a control voltage to a control terminal 12 
controls the junction capacitance of the varactor diode 11. 
Thus, the impedance varies which is viewed from the active 
device toward the resonator (the impedance by the resonator 
and the varactor diode) . This enables the control of the 



oscillation frequency. That is, applying a varactor diode 
to the resonator will make it possible to configure the 
voltage controlled oscillator capable of controlling the 
oscillation frequency by the control voltage. 

Fig. 7 illustrates an embodiment in which the MMIC 
is integrated on one substrate instead of using the 
separate substrates of the invention. The active device 6 
that produces the negative resistance and the active device 
5 that forms the buffer amplifier are made into an 
integration on the GaAs substrate 4 as the MMIC. The 
dielectric block 1 is disposed so as to couple with a 
microstrip line 21 on the MICC. The dielectric block 1 
uses a higher order mode of the resonator that appears near 
77 GHz, of which resonance frequency of the lowest order 
mode TE0l5 is located at about 38 GHz. However, the 
thickness of the alumina substrate is virtually equal to 
that of the GaAs substrate, and the dielectric constant of 
the GaAs substrate is 12, in contrast to the dielectric 
constant 9.6 of the alumina substrate; and therefore, the 
resonance frequency of the resonator becomes slightly 
higher. Accordingly, the dielectric block 1 with larger 
dimensions can be used, in comparison to the case in which 
it is disposed on the alumina substrate. And, the feedback 
loop circuit 7 and the matching circuit 8 are adjusted so 
as not to generate unintentional spurious oscillations at 



the resonance frequencies of the lowest order mode and the 
unused higher order modes, in a manner that the active 
device 6 produces the negative resistance only within a 
narrow band close to the 77 GHz band. Thus, instead of 
using the separate substrates, forming the microstrip line 
and the active device on one MMIC will omit wire-bonding 
connection work between the resonator and the active device 
which facilitates assembling work. Further, dispersions 
due to the assembling work will be reduced. 

Fig. 8 illustrates an embodiment of a radar system, 
in which the oscillator using the dielectric resonator 
utilizing the higher order mode according to this invention 
is employed for a local signal generator. The figure is a 
plan view. 

This radar system includes a local signal generator 
28, a mixer 22, and a power amplifier 23, which are mounted 
on a mounting substrate 25. The local signal generator 28 
can be implemented by means of the oscillator that has been 
described in the above embodiments. Basically, a 
dielectric block 1 and a microstrip line 3 are mounted on 
an alumina substrate 2. On the other hand, desired active 
devices are mounted on a GaAs substrate 4 . In addition, 
both the substrates are connected to each other through the 
bonding wire 9. Further, this active device unit is 
connected through a conductor 43 to the mixer 22 and the 
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power amplifier 23. And, these are connected through a 
conductor 44 and a conductor 45 to antennas. 

Fig. 9 represents a block diagram of such radar 
system. The signal generated by the local signal generator 
28 is distributed to the transmitter side and the receiver 
side. The power amplifier 23 amplifies the signal 
distributed to the transmitter side, and the amplified 
signal is radiated from a transmitter antenna 26. This 
transmitted signal is reflected on a target, and if there 
is a relative speed between the target and the radar system, 
the frequency of the- reflected signal will slightly vary 
according to the Doppler effect. A receiver antenna 27 
receives this reflected signal, which is mixed with the 
original signal from the local signal generator 28 by the 
mixer 22. Thus, the low frequency signal of the Doppler 
frequency can be acquired. In addition, the further signal 
processing of this low frequency signal attains the 
information of the relative speed and so forth. The 
transmitter-receiver module using the Doppler effect, or 
the millimeter transmitter-receiver module itself can be 
configured by means of the conventional method. Naturally, 
configurations other than this embodiment are possible, and 
useless to say that this invention can be applied to such 
configurations . 

Fig. 10 through Fig. 12 illustrate examples of the 
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mounting configuration of the signal generator part and the 
antennas. Fig. 10 is a sectional view of a module having 
the antennas on the rear side. Fig. 11 is a plan view 
illustrating an example of the antennas used for the module. 
Fig. 12 is a plan view illustrating an example in which the 
signal generator part and the antennas are disposed on a 
plane . 

The module having the rear antenna mounts the 
mounting substrate 25 for the signal generator part on one 
principal plane of a base plate 29, and the transmitter 
antenna 26 and the receiver antenna 27 through the mounting 
substrate 25 on the other principal plane (this plane is 
called the rear side) . On the mounting substrate 25 for 
the signal generator. part is illustrated only the 
dielectric block 1, and other members are omitted; however, 
the total basic construction is the same as the one 
illustrated, for example, in Fig. 8. In addition, coaxial 
lines 31 connect the signal generator part with both the 
antennas 26 and 27 by way of openings piercing through the 
base plate 29 and the mounting substrates 25. Further, the 
signal generator part is provided with a cover 30, which 
excludes external noises. Fig. 11 illustrates an example 
of the antennas disposed on the rear side. The transmitter 
antenna 26 and the receiver antenna 27 are mounted on the 
mounting substrate 25 attached on the base plate 29. 
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Symbol 40 denotes antenna elements, and symbol 41 denotes 
conductor parts that connect the antenna elements to form 
an integrated antenna. Practically, both of them are 
formed by means of patterning in general. 

Fig. 12 illustrates an example in which the signal 
generator part and the antennas are disposed on a plane. 
The detailed construction of the parts is the same as the 
example illustrated in Fig. 10 and Fig. 11. The base plate 
29 and the mounting substrate 25 are placed on one plane, 
both of which are connected to each other according to a 
specific electrical configuration. 

As in this embodiment, employing the oscillator 
using a dielectric resonator utilizing a higher order mode 
as the local signal generator for the radar system will 
restrain the radar performance from lowering caused by a 
phase noise, and achieve a high-performance radar system at 
a low cost. 

As the invention has been described on the basis of 
the embodiments, according to the invention, since a higher 
order mode is utilized for the resonance frequency of a 
dielectric resonator, it becomes possible to expand the 
dimensions of a dielectric block, and to thereby reduce a 
conductor loss. Accordingly, the Q factor of the resonator 
can be heightened, and by using this resonator, the 
oscillator of a low phase noise can be realized at a low 



Further, the expansion of the dimensions of a 
dielectric block leads to reduction in the production cost 
of the dielectric block and the assembling cost of the 
oscillator . 

Further, employment of this oscillator as the local 
signal generator of a radar system will realize a high- 
performance radar system at a low cost. 

According to the present invention, an oscillator 
with a low phase nose in which the Q factor of a dielectric 
resonator is high can be provided. 

According to the present invention, an oscillator 
with a low phase nose in which the Q factor of a dielectric 
resonator is high can be provided at a low cost. 

According to the present invention, a radar system 
can be provided at a low cost. 

Primary reference numerals are shown as in the 
following : 

1; dielectric block 2; alumina substrate 3; 
microstrip line 4; GaAs substrate 5; active device forming 
an amplifier 6; active device producing a negative 
resistance 7; feedback loop circuit 8; matching circuit and 
bias circuit 9; bonding wire 10; filter circuit 11; 
varactor diode 12; control terminal 13; dielectric block 
15; active device producing a negative resistance 16; 



microstrip line 17; feedback loop circuit 18; matching 
circuit and bias circuit 21; microstrip line 22; mixer 23; 
power amplifier 25; mounting substrate 26; transmitter 
antenna 27; receiver antenna 28; local signal generator 29; 
base plate 30; cover 31; coaxial line 40; antenna part 41; 
conductor constituting an integral antenna 43; microstrip 
line 44; conductor for supplying power to an transmitter 
antenna 45; conductor for a receiver antenna 



